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Abstract. The territory of the town is divided into areas: residential, industrial and recreational. Such division of the
town into areas make inhabitants increasingly dependent on the transport system.

In Lithuania and in other European countries the public transport is recognised as priority transport. In the towns of
Lithuania, differently from other places, attention paid to it is insufficient, and the network of routes is being changed in

a chaotic and unreasonable way.

Modelling of Vilnius public transport was carried out with the help of VISUM software. The aim of modelling is to
guarantee higher quality of living of inhabitants by modelling a public transport route network in Vilnius. A three-level
public transport network was formed: main, service and feeder routes, which facilitated rational provision of Vilnius

inhabitants with the public transport services.
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1. Introduction

The application of information technologies precondi-
tions the optimisation of performance of transport systems:
improvement of the performance quality, safety and effi-
ciency of the overall system, increase in capacity, reduction
of the trip duration without high financial investment into
construction of the new technical infrastructure. Simula-
tion of the transport system allows analysis of different phe-
nomena related to the traffic organisation without applying
expensive practical experiments. Local, national and the EU
transport policy organisations before taking decisions need
information on costly long-term investment into the infra-
structure. Future transport demand is changing with every
scenario and model, and the rest factors demanded by such
changes could be assessed with certain reliability.

Vilnius was chosen for production of a public transport
model within the transport system deliberately. First of all,
it is one of those few cities that are served by three modes
ofthe public transport: buses, trolley-buses and mini-buses;
second, it is the only city that has undergone comprehen-
sive public transport researches during the last five years.

At present the public transport network of Vilnius is on
the average being changed by 20 % of all municipality routes
per year. Routes of private passenger transport are even less

reliable due to the fact that besides changes in their routes,
changes in the size of fleet and in the number of the em-
ployed drivers are frequent.

To rationalize the public transport system of Vilnius in
a planned way, it is necessary to create its model by estab-
lishing hierarchy of routes of different public transport
modes in order to reduce their overlapping, which would
result in elimination of internal competition and reduction
of expenses of public transport services.

The aim of this paper is to guarantee improved quality
of life of inhabitants by modelling the network of public
transport routes in Vilnius.

2. Foreign experience in the public transport
modelling

In 1994, Fernandez et al. proposed development of the
integrated trip system with combined modes of trips at three
levels: integrated trip modes, points of change and choice
of route [1, 2]. At present, the proposed modes are used al-
most in all the models being used (Scenes, Litres-2, Expe-
dite, Logit, Lohse, Kirchhoff, etc.). Scenes model is designed
for passenger and goods transport and originated form
Streams model. Vaclav — Via model is designed only for
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passenger transport [3]. Expedite model covers economic
development and is less focused on the major goal of the
public transport modelling, i.e. on the inhabitant demand for
the public transport. Denmark uses the OTM (Orestad traf-
fic model) structure that consists of RP (revealed preference)
tasks and SP (stated preference) tasks. RP data were obtained
from inhabitant surveys on their trip routes, while in gath-
ering SP data the possibility of choice of inhabitants in
choosing a transport mode or the data of Danish trip review
were taken into account to a wider extent [4]. Litres-2 mod-
elling system is designed not only for transport planners but
also for operators. This model includes a specialised calcu-
lation of service according to demand for the public trans-
port, i.e. by segregating peripheral zones, as zones of lower
demand, and also segregating rush and night time. Logit
model is designed for assessment of demand for the services
of special transport taking account of such parameters as
time, trip duration and frequency [5, 6].

Today, a number of software packages used for the
modelling of the public transport has been created in the
world. Some of them are the following: VISION, EMME/2,
TRIPS, TRAMOD, TRANSPORT, TRANSYT usually used
in European countries and America, and GETRAM and
ASCII usually used in Asia. These programmes operate in
DOS and Windows. The programmes VISION ir EMME/2
are most popular in the world. For modelling they use clas-
sical 4-step transport modelling verified by the experience
of many countries. This type of modelling consists of four
steps: trip generation, distribution and modal distribution
and arrangement of routes [7, §].

3. Calibration of Vilnius Public Transport Model

The network of Vilnius public transport was built up on
the data of 2002 as that year saw the last comprehensive
researches. Building up the PT network the data was taken
from the VIDAS database, created while drafting the spe-
cial plan for Vilnius transport infrastructure (tram) devel-
opment. According to the data available on this database,
Vilnius urban and suburban zones served by the PT were
divided into 230 transport districts. A 676.9 km long PT
network of Vilnius with 506 groups of stops and about 700
additional points necessary for a more precise picturing of
the route network was built up. The public transport scheme
and routes of buses, trolleybuses and mini-buses of the base
year were introduced. O-D (original-destination) matrix was
used for the public transport modelling. This matrix of trips
was concluded after survey of 8895 passengers at 307 stops
of Vilnius public transport. The obtained results were com-
pared with the real values, thus they mostly reflect the real
distribution of trips of Vilnius population among different
transport districts at the morning rush hours.

The morning rush hour, when the passenger flows are
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maximum, were chosen for the modelling. Periodical over-
crowding is characteristic of the public transport and it is
heaviest in the morning and afternoon rush hours, and at
that time the key problems of the public transport are re-
vealed [9, 10, 11]. Thus, the need for the PT during the rush
hours is most relevant and was chosen as the time interval
of modelling.

Modelling with the help of the software package
VISUM, the following main rule was observed: the lower
the Integrated Choice Index (IPD) of the travel being cho-
sen the greater the number of trips is chosen. IPD is
characterised as a combination of the time indicators de-
fined by the user when choosing the travel among transport
districts which may be the following: distance to a stop,
time spent in a vehicle, the number of transfers, etc. This
index in VISUM software package is taken into account
during modelling when the choice of different links is com-
pared.

Matching models of the public transport system analy-
sis and analytical structure of the public transport, the coef-
ficients of the Integrated Choice Index are chosen. In every
country these coefficients that reflect the criteria under
which passengers assess their trip by the public transport,
the mode of transport they choose and the routes of their
trips are different. Calibrating and modelling the public
transport scheme of Vilnius, the most reliable data are the
data of the survey of inhabitants carried out in Vilnius in
2001-2002 that reveal the choice of the way of travel and
the choice of the route, under which IPD relevance for
modelling of Vilnius public transport was found. With the
help of VISUM software package modelling could be car-
ried out in the following three ways:

1. Modelling based on the public transport system
(TSys based) where differentiation of trips is being
carried out taking account of even the fact whether
the public transport is available on the line in ques-
tion. Among the lines on which the public transport
routes are available the shortest way is looked for.

2. Modelling based on the system of the public trans-
port routes and headways (Headway based). This
modelling procedure demands initial data on the
routes of the public transport, trip duration between
stops and headways on the routes. Duration of each
separate route of the trip is not taken into account,
and the time loss for transfers is equal to a half of
the headway.

3. Modelling based on the public transport system with
the time-table (7imetable based), where account is
taken of specific time of arrival, departure, also in-
termediate time of every vehicle. Passenger flows
are directed not to one best road but to different roads,
taking account of IPD.

When modelling with regard to every road under IPD
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meanings, the percentage of passengers who will choose
this road ( P“) of the total demand for trips, i, on a chosen
time interval, a, is calculated. Employment of every link U
is calculated in accordance with the trip distribution func-
tion from IPD; .

Ui = f(IPD;‘), )]
U4
Pia = B l a ’ (2)
i j:lUj

where 7 is a total number of links.
Older VISUM versions used only Kirchhoff distribu-
tion law, which is described as follows:

i
Ul =IpD! ", 3)

B
IPD{'

pl=——"1 _
2 a B ’
17 1PD§

1

“

Coefficient B is introduced to define the IPD sensitiv-
ity. In this distribution law, IPD sensitivity is very low.

New versions have three more distribution laws in-
cluded that have higher IPD sensitivity. One of them is Logit
distribution law in which IPD is set as the indicator e of the
function:

Uf =e P IPD )

o B 1PD!

pPf=— 6
' o B IPDf ©
J

Another distribution law is Box-Cox. When T = 0, then
this distribution is calculated under the following formula:

if t#0,
if t=0. @)

When performance is being calculated, Logit model
consists of b(T)(IPD,-a) instead of [PD;", ie. Uf =

©)(zppe . . .
e PP o) . P“,where i number of links exists per time

interval a, is calculated under the following formula:

Rl

a
B = W. (®)
J
It is true to say that this model connects two aforemen-
tioned models, as when T =0, we get the Kirchhoff distribu-
tion, and when T = 1, then we get Logit.
And the last distribution law, in which the calculated
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IPD are interrelated, which in essence is different from other
laws, is Lohse distribution law:

]
a_ { IPD ©)

i =€ s

U

, (10)

where IPD{ =min j ]PD;? is the smallest IPD option in
the model, and f is the parameter that controls the IPD sen-
sitivity.

In this case link dependences are minimally related with
IPD, i.e. differences in link IPD are optimally precise. Tak-
ing this fact into account, Lohse model could be used as an
alternative to Kirchhoff or Logit models but could not re-
place Box-Cox model.

One of the key indicators for model calibration is a gene-
ral indicator of passenger transfers, which was taken from
researches on the public transport passenger flows. It is a ve-
ry high indicator of transfers, which under moderate and in-
consistent frequency of departures on routes has a negative
impact on the choosing the public transport for travelling.

The points that to the highest extent reflect the distri-
bution of passengers within the network were selected for
model calibration: the groups of stops usually used for the
transfer from one PT vehicle to another and the sections of
streets with the heaviest loads during the morning rush hours
(Fig 1).

Calibration of Vilnius PT network was carried out after
selection of three possible methods: T'Sys-based, Headway-
based and Timetable-based methods. In the Timetable-based
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Fig 1. Chosen stops and sections, compared with data in 2002
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Fig 2. Schematic dependence of conformity coefficients in coeffi-
cient 3 variations

model the above-described distribution laws Logit,
Kirchhoff, BoxCox and Lochse are inter-changed.

In timetable-based model, in distribution laws Logit,
Kirchhoff, BoxCox and Lochse coefficients § were first of
all chosen those that optimally conform with passenger flow
distribution. This coefficient is important for the fact that it
was introduced to describe the sensitivity of the integrated
choice indicator that reflects the criteria of the choice of
the way and route of trip by inhabitants. Optimally chosen
coefficient B of the distribution law will to the largest ex-
tent reflect passenger flows of the real public transport sys-
tem of Vilnius. Comparing different coefficients P in dis-
tribution laws Logit, Kirchhoff, BoxCox and Lochse a de-
pendence on the basic distribution of passengers found is
given in Fig 2.

Taking account of the received results, comparisons
between the basic public transport system of Vilnius and
the obtained models of the public transport system are de-
scribed, where § = 0,25 in distribution law Logit, f =1 in
distribution laws BoxCox and Lochse, and 3 =4 in distri-
bution law Kirchhoff.

The obtained results, i.e. the number of passengers at
the stops and street sections in question, was turned into a
coefficient revealing their correspondence to the basic data,
which reveals the percentage of correspondence of the ob-
tained numbers to the real passenger flow survey data
(Table 1). Modelling by TSys-based method, the coefficient
of the number of passenger transfers was very low (0.03)
and, vice versa, it was high when modelling by Timetable-
based method, while when modelling by Kirchhoff method
(where [ =4), the data almost completely corresponded to
the basic data calculated during the real passenger flow
survey.

The greatest stop group conformity coefficient (0.86)
was received applying Timetable-based model with Logit
and Lochse distribution laws. Using Headway-based model,
the stop group conformity coefficient was the lowest one
and equal to 0.72. In this case the coefficient of Kirchhoff
distribution law is slightly lower and equal to 0.82. We may
conclude that Timetable-based model with distribution law
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Table 1. Coefficients of Vilnius public transport network model-

ling applying different methods

Transfer Stop Section
confor- | confor- | confor-
mity mity mity Average
coeffi- coeffi- coeffi-
cient cient cient
Survey data of 2002 1 1 1 1
TSys-based 0.03 n/a 0.7 0.24
Headway-based 0.62 0.72 0.69 0.68
Logit 0.80 0.86 0.67 0.78
Tiéllle- Kirchhoff 0.99 0.82 0.65 0.82
table -
based BoxCox 0.96 0.79 0.67 0.81
Lochse 0.85 0.86 0.67 0.79

Kirchhoff or BoxCox, where the average conformity of
coefficients with the basic survey of 2002 and are equal to
0.82 and 0.81, should be used for further development of
the public transport network of Vilnius.

4. Conclusion of an optimal theoretical PT service
scheme

While developing urban transport systems, strategic is-
sues are faced: what should be given priority, on which trans-
port mode should restrictions be imposed, how to create a
sustainable urban transport system [7].

According to Prof. Burinskiené and USA scientist
Gakenheimer, the main reasons for the public transport
decline are related to the lack of hierarchy of the public
transport route network: routes of different transport modes
overlap and this results in the competition among opera-
tors, which makes this system inefficient and non-prospec-
tive [12, 13]. Planning the new theoretically optimal route
scheme and its services, the public transport route network
was optimised under the following criteria:

1. simplification of the public transport system to make

it better understandable to a passenger;

2. make the time of passengers spent for the trip mini-

mal;

3. to use the existing vehicle fleet in a more rational

way.

The proposed public transport network consists of 18
trolleybus routes (contact network base), 24 bus routes and
22 minibus routes. The number of routes in Vilnius was
reduced by half and to satisfy the need of inhabitants for
travelling the frequency of routes was increased.

Three-level public transport route network is being
modelled:

* The main routes consist of trolleybus served routes

and the main 10 bus routes. Frequency is 4—7 min.

» Service routes will consist of the routes served by

buses. Frequency is 10—15 min.
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chords served
= = by buses
. _ chords served
by trolleybuses
........ microbuses

lines
other lines

Fig 3. Service scheme of urban chords

* Feeder routes in Vilnius peripheral areas will be

served by minibuses. Frequency is 15-20 min.

For services on the main routes the priority is given to
the electric vehicle, a trolleybus. Their network is optimised
on the existing contact network base. The main bus routes
are planned to serve urban chords (Fig 3). Creating chord
routes of a higher service level two goals are achieved: first,
a higher level of public transport services is guaranteed in
the city. When routes are situated in chords, the time of trip
becomes shorter and the number of transfers becomes lower.
Second, passengers use the buses in a more efficient way,
as shorter trips will require lower run of a vehicle [14].

Urban chords will be served by 7 bus routes, two mar-
ginal vertical chords — Laisvés pr. and Antakalnio g. — leav-
ing to be served by trolleybuses, which will fully satisfy
the needs of inhabitants. Three main bus routes are attrib-
uted to 7 routes that service the main urban chords: Sta-
tion — Airport, Lazdynai hospital — Santariskés and
Zvérynas — Old Town — Zvérynas (circular route that ser-
vices the Old Town). These routes are singled out, as they
are in the areas attributed to the highest service zones and
heavily visited by tourists. Outskirts of the town with low
passenger flow are serviced by minibuses as the use of big-
ger capacity public transport vehicles is not efficient there.

Results of the modelled basic scheme and new scheme
revealed that reduction in the number of routes by two times
resulted only in 1.1 time (6 %) higher number of transfers
during morning rush hours, i.e. from 52580 to 55586. Com-
paring the number of transfers per trip, in the morning rush
hours the number of passengers travelling without transfer
went down by 17.5 %, and the number of trips with one
transfer went up by 19.4 %. Passengers would feel the
changes due to a reduced number of trips with three trans-
fers, what makes a trip by the public transport inconvenient
and unattractive and then other ways of travel are chosen.
Comparing the time spent for transfers after implementa-
tion of the proposed transport scheme, the time of transfers
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on morning rush hours would increase by 313 minutes,
which would account for 3.8 % of time spent for transfers.

Taking into account changes in passengers’ travel time
after the route scheme of the public transport services is
changed, the travel time of passengers became shorter by
61.1 %. The travel time of 36.7 % of passengers remained
the same, i.e. it became shorter or longer by 5 minutes. Af-
ter replacing the basic route scheme by the proposed one,
the travel time became longer only for 2.2 % of passen-
gers, which shows that the proposed routes of the public
transport services are in a shorter distance between depar-
ture and destination.

5. Correction of the indicators of the theoretical
scheme of services taking the run use coefficient into
account

A theoretical scheme was drafted only for proposals
based on the reasoning of the author, and the first step should
be its quantification. The main quantity indicators when
changing service route schemes is a number of carried pas-
sengers and the run use coefficient. The number of carried
persons remained unchanged comparing with the basic
scheme and the proposed scheme of the public transport
services, thus the same travel matrix was used. Run coeffi-
cient § is an indicator of a level of vehicle use within trans-
port process, which shows the ratio of a vehicle run with
passengers /,, and the total run, which besides the run with-
out passengers also includes idling /, [15]:

Z(lp"'ll)'

Urban public transport run use coefficient in our coun-
try is 0.97-0.99 [15]. For the vehicle run to be sufficiently
exploited, we assume that the run use coefficient should
not be lower than 0.9. Calculation of the run coefficient of
every route revealed that the run coefficient of trolleybus
services satisfied the condition. The routes that fail to sat-
isfy the condition are corrected by prolongation or direc-
tion to other links.

Changes in the route resulted in 0.5 % longer time of
travel, while the number of transfers went down by 4.6 %,
i.e. from 55 586 to 53 045. The time spent for transfers be-
came shorter by 7.6 %.

6. Correction of the indicators of the theoretical
scheme of services taking the capacity use coefficient
into account

Besides quantity indicators, the public transport is also
defined by quality indicators [15]. Modelling the time spent
by passengers for travel, it was tried to reduce the number
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of transfers from the beginning, thus the remaining key in-
dicator is the indicator of a vehicle occupation, which could
also be expressed in the capacity coefficient. Capacity coef-
ficient v, expressed by a ration of really carried passengers
Oy and passengers that could be carried by making full
use of the vehicle capacity Q,, :

= Q_f (12)

On

N

Capacity coefficient is different not only on different
routes but also in different time of the day. In Lithuanian
towns, the capacity coefficient goes up from 0.15 to 0.30
and from 1.15 to 1.24 during the afternoon rush hours [15].

Vehicle occupation and capacity coefficients reflect two
positions: vehicle occupation reveals the level of comfort
of a passenger on a vehicle, while the capacity coefficient
shows the attitude of the operator. Thus this indicator is
limited on both sides. We assume the condition that capac-
ity coefficient, taking account of the maximum number of
passengers on the route, should not be lower than 0.7 for
the operator to work without losses and not higher than
0.95 for passengers to have a comfortable drive.

Correcting the capacity coefficient, the same as in the
case of the run coefficient, the routes of buses that mostly
service visitors of the town remained unchanged. Other
routes are changed by increasing the capacity coefficient,
changing their frequency and even the type of vehicles.
Modelling of the changed frequencies as the first access to
the route scheme satisfying all conditions revealed that not
all capacity coefficients satisfy the set conditions due to
the influence exerted by the routes with the changed ve-
hicle types of different technical parameters. In the second
case we choose new route frequencies for the changed sce-
nario. Modelling shows that > 85 % of all routes satisfy
the set conditions. As the capacity coefficient does not go
lower than 0.5, implementation of this scheme could be
started and calibration of routes could be carried out when
passenger flows on routes settle.

The travel time of passengers of the chosen scheme
during rush hours in Vilnius went down by 27.3 % if com-
pared to the basic scheme.

The time spent for transfers in the final scenario is 9.5 %
lower than that of the basic scenario. Comparing these two
scenarios, the number of transfers went down by 2288 trans-
fers or almost by 4.4 %.

Compearison of transfer data showed that route scheme
calibration on the grounds of run and capacity coefficients
increased the number of direct trips and reduced the group
of trips that need transfers.
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7. Conclusions

1. Simulation of the public transport system allows
analysis of different phenomena related to the traffic
organisation without applying expensive practical experi-
ments. Simulation is the only way to forecast the need for
transport in future and the behaviour of the system partici-
pants, as well as to plan actions for the implementation of
the future scenarios.

2. Calibrating and modelling the public transport
scheme of Vilnius, the most reliable data are the data of the
survey of inhabitants carried out in Vilnius in 2001-2002
that reveal the choice of the way of travel and the choice of
the route.

3. Having analysed all coefficients obtained during
modelling we conclude that Timetable-based model with
distribution laws Kirchhoff (f = 4) and BoxCox (f = 1)
with the average conformity of 0.82 and 0.81 is the best for
further modelling of Vilnius public transport development.

4. Comparing the newly modelled scheme with the
basic scheme reveals that reduction of the number of routes
by half resulted in an increase in the number of transfers
during the morning rush hour only by 1.2 times, i.e. by 18 %,
while their length increased by 0.8 %. The travel of the
public transport passengers during the morning rush hours
became shorter for 61 %, while for 37 % of passengers it
remained the same. Taking account of these results, it could
be concluded that at present the public transport scheme is
overloaded.

5. Public transport on Gedimino avenue has a positive
impact on general indicators of the public transport ser-
vices during rush hours. The total travel time of passengers
went down by 0.2 % and the time spent for transfers — by
0.6 %. Therefore, the scheme with the routes on Gedimino
avenue was chosen for further modelling.

6. While modelling in three steps — theoretical schemes,
corrected schemes on the grounds of the run coefficient and
corrected schemes on the grounds of capacity coefficient —
every step made improvements on the passenger service
indicators. If compared with the basic scheme, the total time
of travel went down by 27.3 %, the time spent for transfers
became 9.5 % shorter, and the number of transfers went
down by almost 4.4 %. Therefore I propose this three-step
modelling method to be applied when modelling public
transport schemes of other towns.
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VILNIAUS MIESTO VIESOJO TRANSPORTO MARSRUTINIO TINKLO MODELIAVIMAS
R. USpalyté-Vitkuiniené

Santrauka

Miesto teritorija skirstoma i skirtingos paskirties rajonus: gyvenamuosius, pramoninius ir rekreacinius. Toks miesto susiskaidymas
i rajonus daro gyventojus vis labiau priklausomus nuo transporto sistemos. Lietuvoje ir Europos valstybése prioritetiniu pripazintas
viesasis transportas Lietuvos miestuose, kitaip nei kitur, nesulaukia reikiamo démesio, o marsrutinis tinklas Siuo metu kei¢iamas chaotiskai
ir nepagristai. Vilniaus miesto vieSojo transporto modeliavimas buvo atliktas naudojant VISUM programing iranga. Modeliavimo
tikslas — uZztikrinti geresng miesto gyventojy gyvenimo kokybe modeliuojant vieSojo transporto marsruty tinkla Vilniaus mieste.
Suformuotas trijy lygiy vieSojo transporto marsruty tinklas — pagrindiniy, aptarnavimo ir pagalbiniy marsruty — leido minimaliomis
sanaudomis uztikrinti racionaly Vilniaus miesto gyventoju aptarnavima vieSuoju transportu.

ReikSminiai ZodZiai: transporto sistema, modeliavimas, viesasis transportas, modelio kalibravimas.
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